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Electric, morphologic and structural characterization of 
LaBi Fe Ti O  synthesized by solid state reaction
5 2 3 18
Resumen
En este trabajo se muestra la síntesis estructural caracterización morfológica, eléctrico y magnético de LaBi Fe Ti O  obtenido 
5 2 3 18
por el método de reacción en estado sólido. De 99,9 % de los óxidos puros La O , Fe O , TiO  y Bi O  se mezclaron en 
2 3 3 4 2 2 3
proporciones estequiométricas y luego se sometieron a un proceso térmico. La caracterización estructural de la muestra se 
realizó por medio de difracción de rayos x método (DRX ) , incluso mediante refinamiento Rietveld utilizando código GSAS , 
encontrando que el material es un sistema cristalino ortorrómbico con grupo espacial F2mm_ º 42 , tipo de estructura Aurivillius 
pertenece al espacio grupo con los parámetros celulares ( Å ) a = 5,457922 ± 0,000458 , b = 5 , 456,259 ± 0,000434 , c = 50,068798 ± 
0,003965 . A través de micrografías de microscopía electrónica de barrido y los espectros EDS, evidencia la granularidad y 
confirma la presencia de los elementos en la muestra después de haber sido sometido a diversos procesos térmicos. La respuesta 
ferroeléctrico del material se determina a partir de curvas de polarización como una función del campo eléctrico aplicado y los 
resultados muestran que el compuesto demuestra un comportamiento de histéresis ferroeléctrico a temperatura ambiente.
Palabras claves: eléctrico, caracterización, sintetizada, reacción sólido
Abstract
This paper shows the synthesis structural, morphological, electrical and magnetic characterization of LaBi Fe Ti O obtained by the 
5 2 3 18 
method of solid-state reaction. From 99,9% the pure oxides La O , Fe O , TiO  and Bi O  were blended in stoichiometric proportions 
2 3 3 4 2 2 3
and then were submitted to a thermal process. The structural characterization of the sample was made by mean of x-ray diffraction 
(XRD) method, including by Rietveld refinement using GSAS code, finding that the material is a orthorhombic crystal system with 
space group F2mm_#42, structure type Aurivillius belongs to space group with Cell parameters (Å) a=5,457922±0,000458, b=5, 
456259±0,000434, c=50,068798±0,003965. Through micrographs of scanning electron microscopy and EDS spectra, evidences the 
granularity and confirms the presence of the elements in the sample after being submitted to various thermal processes. The 
ferroelectric response of the material was determined from polarization curves as a function of applied electric field and the results 
show that the compound demonstrates a ferroelectric hysteresis behavior at room temperature.
Key Words: Electric, Characterization, Synthesized, Solid Reaction
Introducción
Fifty years ago Aurivillius (Aurivillius 1949, 1950) 
discovered a family of oxides with composition 
Bi O n–1RnO n+1 where, n is integer represented 
2 2 3
the number of layers. The cubo-octahedral M site 
accepts Bi and several di/tri valent ions, while the 
smaller Ti ion goes into the octahedral R sites. The 
2
structure consists of (Bi O ) +layers interleaved 
2 2
with perovskite like (Mn–1RnO n+1) layers. The 
3
plate-like crystal structure of these compounds 
leads to highly anisotropic ferroelectric properties 
(Subba Rao 1962, Takenata&Sakata 1984). Partial 
replacement of Ti by Fe in these layer - compounds 
make them ferroelectromagnetic (FEM) materials, 
which show magnetoelectric (ME) effect. 
Therefore, these materials can also be referred to as 
bismuth layered structure ferroelectromagnetic 
(BLSFEM) materials.
In these BLSFEM materials, both ferroelectric and 
magnetic orders were observed. Among the other 
layer compounds so far mentioned above, the five-
layered compound, Bi Fe Ti O  (BFT), showed 
6 2 3 18
higher transition temperature (Ismailzade et al. 
1971). In order to reduce the transition temperature 
and to enhance the magnetoelectric output, both 
magnetic and non-magnetic rare earth ions were 
substituted in place of Bi in BFT compound 
(Prasad&Kumar 2000). Deverin 1978, reported the 
ferroelectric transition temperatures of Bi Fe Ti O  
6 2 3 18
(BFT) at 752 and 898°C. Singh (1996) confirmed the 
same results. Ismailzade et al. 1971 and James 1997 
also reported single-phase transition in case of 
LaBi Fe Ti O  compound. These peaks were found 
4 2 3 15
to be broad and of diffusive type. In order to elicit 
more information about of possible ferroelectric 
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Figure 1. a, b y c, Thermal processing for the preparation of LaBi Fe Ti O , 
5 2 3 18
Precursor P. Molecular 
[g/mol]
P. Formula 
[g/mol]
P. Necessary 
[g]
La2O3 3.257.700 1.628.850 0,05
Bi2O3 4.657.700 1164. 4250 0,34
Fe3O4 2.314.800 1.543.200 0,04
TiO2 798.500 2.395.500 0,07
Total 11.028.700 17.211.800 0,50
LaBi Fe Ti O  
5 2 3 18
Total amount of the compound approximately 0,5g
Table 1. Description of the precursors and the molecular 
weights used in the process of LaBi Fe Ti O  compound.
5 2 3 18
70
Bertel et al. / Momentos de Ciencia 10 (2) 2013, pp: 69-75
response, measurements were carried out on this 
sample at different voltages, ambient at 
temperatures and on La substituted BFT 
(LaBi Fe Ti O ) compound. 
5 2 3 18
Finally we proceed Electric, morphologic and 
structural characterization of LaBi Fe Ti O  
5 2 3 18
synthesized by Solid State Reaction.
Materials and methods
Synthesized by solid state reaction
The sample Bi Fe Ti O  was synthesized by solid 
6 2 3 18
state reaction, using precursors La O , Fe O , TiO  
2 3 3 4 2
and Bi O  and based on balanced equation (one) 
2 3
stoichiometric amounts of each.
However, the precursors were use to obtain 
approximately 0,5g, (Table 1). These were mixed in 
an agate mortar for 40 minutes, then, with this 
mixture, proceeded to form a pellet with a 
hydraulic press and applied a pressure of 
2
5ton/cm . The pellet was placed in an alumina 
crucible and later was submitted to a thermal 
process in a muffle type furnace. The thermal 
process was carried out as follows: The process of 
calcinations at a temperature of 650°C for 20 hours 
after that time, was left in a process relaxation at 
room temperature, then the pellet was crushed 
again for 40 minutes, the pellet was reshaped and 
submitted to the same pressure, subsequently to 
carry out the process of presintering at a 
temperature of 750ºC for 20 hours. The pellet was 
again submitted to the above process, and taken to 
a sintering process at a temperature of 800–900ºC 
for 20 hours. (Figure 1).
Structural characterization
X-ray diffraction data was acquired by 
diffractometer PANalytical X'Pert-Pro on the 
powder sample of LaBi Fe Ti O  (LBFT) using 
5 2 3 18
CuKα radiation of 1.5405980 Angstrom. Data was 
collected over the range 15º–60º, with a scan rate of 
0,026º in 2 second.
Morphological characterization
The metallization was performed in a sputter SDC-
050 Brand Balzers, pre-vacuum conditions (<10-1 
torr) withargon gas attack (plasma) on a plate 
(anode) of gold-palladium (8:2), the pellet is 
deposited on the simple (cathode) at discharge 
current of +/- 50mA and typical thickness  is +/-
200 nm, Then the observation and analysis of the 
sample was obtained with the scanning electron 
microscope FEIQUANTA 200, The gun uses a 
tungsten filament, and the sample was exposed to 
high vacuum mode (3x10-7 torr) during operation.
The detection electronics has two main detectors: 
A secondary electron detector Everhart–Thorney 
71
(ETD) allows us to highlight the morphology of the 
material, a backscattered electron detector (SSD) 
which highlights differences in composition.
(ETD) allows us to highlight the morphology of the 
material, a backscattered electron detector (SSD) 
which highlights differences in composition.
Ferroelectric response of the material
The measuring equipment is composed by a 
polarimeter Radiant Technologies RT66A, voltage 
amplifier: Trek model 609A (Volt max 10KV), 
interface: Radiant Technologies Precision High 
Voltage Interface, Analyzer: Radiant Technologies 
Precision LC and Teflon sample holder with 
copper inner electrodes.
The pellet was submitted to different voltages 
(0,5KV to 3KV) in proportions of 0,5 KV in periods 
of 100 ms, at room temperature.
Results and discussion
Synthesized by solid state reaction
The method of solid-state reaction is the most used 
in the preparation of ceramic materials and 
involves mixing stoichiometric chemical 
precursors (usually dry) from which the ceramic 
will be formed and subsequently heated to high 
temperatures (sintering) to  give rise to  the 
formation of necks (diffusion) between particles 
and initiate nucleation.
The nucleation process of the compounds begins at 
the interfaces of the grains through which the ions 
of the respective agents migrate by diffusion to 
neighboring grains. The kinetic energy of  the ions 
required for the diffusive process is provided by 
the heat lost to the mix. Then, the output growth 
already formed at the interfaces, towards the 
interior of the grains, it becomes increasingly 
difficult, since the ions will now have to go through 
the whole product to reach the grain that has not 
reacted.
The basic steps for processing of ceramics by 
agglomeration of particles are: preparation of the 
material, molded or cast, heat treatment, drying 
and baking by heating the ceramic piece at 
sufficiently high temperatures, but below the 
melting temperature.
Sintering is a process of joining small particles of a 
material by diffusion at high temperatures but 
below the melting point. In sintering, the atomic 
diffusion occurs between the contact surfaces of 
the particles through the formation of a neck, so as 
to be chemically bound. As the process continues, 
large particles grow at the expense of smaller ones. 
As the particles get bigger over time of sintering, 
the porosity of the clusters decreases. Finally, after 
the process, we obtain a non-equilibrium grain 
size. The driving force of the process is the 
reduction of system energy. Figure 1.
Structural characterization
The sample LaBi Fe Ti O  thermally treated, 
5 2 3 18
structurally characterized by X-ray diffraction 
during this process, temperature ramps were used 
as shown. Figure 1.
The refinement and analysis of the diffraction 
pattern of the sample was obtained by using two 
programs:
I. Software PCW (Powder Cell) (Kraus&Nolze 
1996), used to calculate the diffraction pattern of 
theoretical X-ray, using the values of the lattice 
parameters and space group based on La 
substituted BFT (LaBi Fe Ti O ) compound 
5 2 3 18
(Ismailzade et al. 1971), and compared with that 
obtained experimentally, obtaining in this way 
that the structure conforms to the crystallization 
of the Aurivillius. LaBi Fe Ti O  is a 
5 2 3 1 8
orthorhombic crystal system with space group 
F2mm_#42.
II. Rietveld refinement software GSAS (Larson and 
Von Dreele 2004), which adjusts the full 
diffraction pattern, refining the factors 
simultaneously instrumental and structural 
parameters characteristic of the sample, resulting 
for LaBi Fe Ti O  with 535 cycles of refinement 
5 2 3 18
and adjustment for 71 variables, a value X2 = 
1,239 and a factor RF = 10,81% Finding a good 
approximation between the theoretical curve 
(red) and experimental (black) (Figure 1).
It is important to note that in comparing the 
theoretical with the experimental diffractogram in 
PCW software, there is a small phase difference, 
because the theoretical lattice parameters are 
approximate(not equal) to those obtained 
experimentally by the technique of X-ray 
diffraction. However, this phase difference is 
resolved by adjusting these parameters through 
the PCW program until there is a greater similarity.
In Figures 2 and Table 2, curves are shown X-ray 
diffraction with the respective refinement. The 
predominate peaks are those corresponding to the 
planes: (1 1 1), (1 1 11), (2 0 2), (0 0 22), (2 2 4), (2 0 22), 
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Table 2. Crystal structure parameters of LaBi Fe Ti O  compound. Space group F2mm_#42. Cell parameters 
5 2 3 18
(Å):a=5,457922 ± 0,000459, b =5,456259 ± 0,000434, c = 50,068798 ± 0,003965
Figure 2. Diffractogram and Rietveld refinement for the 
sample LaBi Fe Ti O
5 2 3 18
Figure 3. Spectrum of LaBi Fe Ti O  compound 
5 2 3 18
obtained by scanning electron microscopy.
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(3 1 11) after its synthesis at a maximum 
temperature of 900 ° C.
Morphological characterization
Figure 4 shows the morphological characteristics 
of the sample corresponds to a micrograph 
through SEM technique. The same is observed that 
at a magnification of 2000x, the surface of the 
sample can be considered uniform, which is 
corroborated by experimental processes of 
grinding and pressing, allow to form a compound 
whose surface is almost uniform.
Previous studies in this research (Singh 1996) by 
means of micrographs show the behavior of a 
granular-like compound (BiFeTiO) but do so at 
10,000 x magnification. The grain size found by the 
researchers for this compound was approximately 
3μm. However N.V. Prasad et al, say that the 
inclusion of lanthanum (La) increases the grain 
size (Prasad&Kumar 2000) so it is expected that the 
grain size for the study sample (LaBi Fe Ti O ) is of 
5 2 3 18
the order or slightly larger.
On the other hand, the semiquantitative analysis 
performed with the EDX technical, shows the 
presence of each of the compounds initially mixed. 
Figure 3 shows the existence of these compounds, 
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after being subjected to different thermal 
processes.
The percentages of each compound found in this 
analysis are described in Table 3. Both, in Figure 3 
as in this table, the highest concentration is given 
for bismuth (Bi), then Titanium (Ti), Lanthanum 
(La), and then finally the Iron (Fe). The appearance 
of alumina is product of crucible; it was used 
during this experimental process, element that 
was within the initial precursor during the thermal 
process. However, this impurity does not change 
the results expected by the theoretical model of 
refinement. Figure 8.
Ferroelectric response of the material
The electrical characterization was performed at 
room temperature by means of polarization 
measurements as a function of applied voltage. 
Figure 5 shows the result of applying a signal to the 
sample for different triangular bipolar voltages 
from 500 V to 3000 V, hysteresis curves observed, 
representing a ferroelectric-like behavior, the 
points that are part of the graph are centered with 
regarding the origin of coordinates in order to 
display the values of polarization as a function of 
electric field applied at an appropriate scale.
Figure 5 shows growth in the value of remanent 
polarization as a function of applied voltage, 
which is typical behavior exhibited by a 
ferroelectric and ferroelectric ceramic materials as 
is the case of (Yu et al. Kim J. and Kim S. 2005). The 
values obtained in this study for the remanent 
polarization (Pr) and coercive field (Ec) for each of 
the applied voltages is shown in Table 4.
Another way to verify that the material under 
study is ferroelectric, is through voltage curves 
and polarization as a function of time. Figure 6 
shows these curves, which show a typical behavior 
of a conventional ferroelectric, where the 
polarization follows the shape of the voltage wave. 
The applied voltage reaches its maximum positive 
value, the polarization value also reaches a 
maximum value and decreasing the voltage to a 
negative maximum, the polarization value also 
takes a negative maximum.
An interesting calculation is the determination of 
the dielectric constant ε of material through the use 
of fundamental equations where they relate to the 
Figure 4. Micrograph of LaBi Fe Ti O  compound 
5 2 3 18
obtained by scanning electron microscopy.
Table 3. Semi-quantitative chemical composition for the 
LaBi Fe Ti O  compound obtained by EDX.
5 2 3 18
Element Wt% At % KRatio Z A F
OK 7,430 39,410 0,013 12,421 0,139 10,001
AlK 2,570 8,100 0,008 11,603 0,264 10,003
TiK 6,130 10,860 0,039 11,067 0,570 10,027
LaL 6,700 4,090 0,046 0,951 0,713 10,036
FeK 5,550 8,440 0,048 10,997 0,767 10,190
BiL 71,630 29,100 0,658 0,912 10,072 10,000
Total: 100% 100%
Table 4. Remanent polarization value (Pr) and coercive 
field (Ec) for different applied voltages from 0,5 kV to 3 
kV for LaBi Fe Ti O  compound.
5 2 3 18
Voltaje (kV)
2
Pr(µC/cm ) Ec(kV/cm)
0,5 0,002533 0,215206
1,0 0,029208 1,903207
1,5 0,101409 4,867791
2,0 0,187308 6,389585
2,5 0,271423 7,687181
3,0 0,348293 9,127149
Figure 5. Electrical hysteresis of LaBi5Fe2Ti3O18 
compound obtained form 0.5 kV to maximum voltage of 
3 kV. Wave periodic used was 10 ms.
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saturation charge Qs, polarization saturation, 
capacitance C, the sample area A, the difference V 
applied potential and the thickness of the sample 
d. The above variables are related as follows:
Ps A = Qs                      (2)
CV = Qs                         (3)
However, the dielectric constant K can be 
expressed in terms of polarization P , the 
permeability in vacuum ε0 and electric field E 
K = 1 +   P
ε0 E                                 (4)
Using equation two is possible graph Q in function 
of the applied potential difference V, Figure 7 
shows linear tendency whose slope is the 
capacitance ©.
Thus, from the results obtained from the linear fit 
was obtained capacitance value for the material is: 
7,1093x10-11 ± 1,4846x10-12 F and the dielectric 
constant of approximately 362,95.
We performed the synthesis of Aurivillius type 
ceramics LaBi Fe Ti O  by the method of solid-
5 2 3 18
state reaction. The implementation of various 
thermal processes, allow the compound to reach 
Figure 6. Electrical polarization and applied voltage as function of time for: a) 500 V, b) 1500 V, c) 3000 V. Wave 
periodic used was 10 ms.
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Figure 7. Linear regression of charge vs voltage for 
sample
Figure 8. Crystal structure of LaBi Fe Ti O  sample
5 2 3 18
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homogeneity in structure. The semi-quantitative 
chemical analysis established that in the sample 
are elements associated with La, Bi, Fe, Ti, O and 
Al, where the latter can be regarded as an impurity 
and its appearance in the spectrum and inclusion 
in the sample can be very related, with particles of 
alumina from the crucible used for the 
experimental process.
The refinement of the powder diffraction pattern 
using the GSAS program, established that the 
compound crystallizes in orthorhombic system 
with space group f2mm_#42 and cell parameters 
a= 5,457922 ± 0,000458 a, b = 0,456259 ± 0,000434 c = 
50,068798 a a ± 0,003965. Also worth noting that the 
model successfully simulated the experimental 
adjusted so that the X2= 1,239 and RF = 10,81%.
The electric polarization measurements allow to 
observe the behavior of the ferroelectric material. 
Electric polarization curves as a function of time 
show the typical behavior described for most 
ferroelectrics, where the wave periods are of the 
order of 10 ms, the value obtained for the 
capacitance was 7,1093x10-11 ± 1,4846x10-12 F and 
the dielectric constant of 362,95.
The results obtained with this article may be 
helpful for further studies to be manufactured in 
the same material, thin films. As can be seen that 
the compound obtained by the synthesis of solid 
state reaction has a relatively high dielectric 
constant and has the characteristic of a 
ferroelectric. To date for this material there was no 
electrical characterization, nor had proposed a 
theoretical model that conforms to the results 
obtained in the laboratory, this may contribute 
significantly to the electrical characterization, 
structural and morphological LaBi5Fe2Ti3O18 
that as shown throughout this study has 
promising features for potential applications.
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